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[57] ABSTRACT 


‘To serve a turret-mounted tank cannon, automated 


loading apparatus includes a pair of arcuate guide tracks 
vertically mounted to the turret. The guide tracks, lying 
on radii centered with the cannon elevating axis, guide 
a trolley for movement between magazine and cannon 
loading postions. A rammer, carried by the trolley, is 
activated to retrieve an ammunition round from maga- 
zine storage and to ram the round into the cannon 
breech regardiess of cannon position in elevation and 
azimuth. The trolley is propelled by a ballscrew, while 
the rammer is activated by a ballscrew and stiff-backed 
chain arrangement to achieve an extra long rammer 
stroke. The rammer is pivotally mounted to the trolley 
for movement between essentially opposite end-for-end 
orientations to permit round retrieval from ammunition 
magazines located in the turret bustle and tank hull, as 
well as in the turret basket. 


22 Claims, 7 Drawing Sheets 
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APPARATUS FOR AUTOLOADING TANK 
CANNONS 


The present invention relates to armament systems 
and particularly to apparatus for automating the han- 
dling of large caliber ammunition rounds for turret- 


mounted cannons carried by armored vehicles, such as 
tanks. 


BACKGROUND OF THE INVENTION 


Considerable efforts by armament manufacturers 
throughout the world have been devoted to developing 
automated apparatus for handling ammunition for field 
artillery pieces. This is particularly so in the case of 
mobile artillery pieces carried by armored vehicles, 
such as tanks. Presently the tasks of withdrawing 
rounds from magazine storage and loading them into 
the breech of a tank cannon are almost universally per- 
formed manually. A gun loader is thus an essential 
member of military tank crew. To accommodate his 
movement in retrieving shells from a magazine and 
ramming them into the cannon breech, considerable 
space must be allotted for these activities within the 
tank, more typically within the revolving gun turret of 
the tank. Adequate headroom should be provided so the 
gun loader can work standing up. Unfortunately, this 
increases the vertical profile of the tank and thus its 
target size. The turret must therefore be heavily ar- 
mored to maximize tank and crew survivability against 
enemy fire. Of course, heavy armor plating adds tre- 
mendously to the weight of a tank, which then calls for 
a larger engine and drive train. 

The factors of high profile and the consequences 
thereof, the elimination of a gun loader and the conse- 
quent space savings, and the prospect of higher firing 
rates have been the primary motivations in developing a 
satisfactory autoloader for tank cannons. 

Of the numerous autoloaders seen in the prior art, 
most are highly complex, extraordinarily space-con- 
suming, difficult to maintain and susceptible to frequent 
malfunction. Many of the existing designs require that 
the cannon return to a predetermined position, particu- 
larly in elevation, before automated loading can be 
effected. Thus, the cannon must be repeatedly removed 
from the target for reloading and returned for firing, a 
significant detriment to firing rate. 


SUMMARY OF THE INVENTION 


In accordance with the present invention, there is 
provided improved apparatus for feeding and loading 
ammunition rounds in a tank cannon without human 
intervention. The autoloading apparatus of the inven- 
tion operates to retrieve ammunition rounds from a 
magazine, convey the rounds to the cannon and ram 
them into the cannon breech, all on an automated basis. 
The autoloading apparatus is of an extremely compact 
construction to operate within an extraordinary small 
space envelope. Positive control of each round is main- 
tained throughout the process to ensure reliable han- 
dling while the tank is travelling over rough terrain. 
The capability of loading the gun regardless of its posi- 
tion in azimuth and elevation provides for a significant 
improvement in firing rate. Moreover, the autoloading 
apparatus of the present invention permits retrieval of a 
shell from a magazine with a previously loaded shell in 
the gun breech and ready to fire, thus permitting the 
step of transferring a shell from the magazine to the gun 
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to be conducted at a reduced pace, therefore minimiz- 
ing autoloader power requirements without jeopardiz- 
ing firing rate. 

To accomplish these objectives, the autoloader of the 
present invention includes a trolley which is mounted 
by a pair of guide tracks for controlled movement be- 
tween a magazine position where ammunition rounds 
are retrieved from magazine storage and a gun loading 
position where rounds are rammed into the breech of a 
revolving turret-mounted gun. The guide tracks are 
mounted to the tank turret and are of arcuate configura- 
tions with fixed radii centered on the elevation axis of 
the cannon to accommodate autoloading regardless of 
cannon elevation. A compact rammer is pivotally 
mounted to the trolley for powered rotation about a 
pitch axis and selective positioning to retrieve rounds 
from ammunition magazines located forwardly in the 
turret beneath the cannon breech and rearwardly of the 
cannon breech in turret bustle and tank hull storage 
areas. 

The rammer includes a rammer tube for slidingly 
receiving an ammunition round and a reciprocating 
rammer head equipped with a gripper for grabbing the 
tail end of the round to extract it from magazine storage 
and, with the rammer tube, positively control the round 
position on the trolley during transfer to a loading posi- 
tion aligned with the breech bore. The rammer carries 
an electric motor for reciprocating the rammer via a 
stroke length multiplying stiff-backed chain and a slid- 
er-mounted sprocket mechanism to enable the rammer 
head to extend beyond the forward end of the rammer 
tube and into a magazine storage tube for ammunition 
round retrieval and into the breech bore for round load- 
ing. 

The invention accordingly comprises the features of 
construction, combination of elements and arrangement 
of parts, all as described hereinafter and the scope of the 
invention will be indicated in the claims. 


BRIEF DESCRIPTION OF THE DRAWINGS 


For a full understanding of the nature and objects of 
the present invention, reference may be made to the 
following Detailed Description taken in connection 
with the accompanying drawings, in which: 

FIG. 1 is a perspective view, partially broken away, 
of a military tank equipped with automated loading 
apparatus of the present invention for serving the tank 
cannon; 

FIG. 2 is a side elevational view, partially broken 
away, of the autoloading apparatus of FIG. 1; 

FIG. 3 is a plan view of the autoloading apparatus of 
FIG. 1, seen in its cannon loading position; 

FIG. 4 is a side view similar to FIG. 2 illustrating the 
capability of the autoloading apparatus of FIG. 1 to 
access ammunition magazines located in rearward hull 
and turret bustle storage areas; 

FIGS. 5 and 6 are side views, partially in longitudinal 
section, of a rammer included in the autoloading appa- 
ratus of FIG. 1 and illustrating respective retracted and 
extended conditions thereof; and 

FIG. 7 is a sectional view taken along line 7—7 of 
FIG. 5. 

Corresponding reference numerals refer to like parts 
throughout the several views of the drawings. 


DETAILED DESCRIPTION 


The autoloading apparatus of the present invention, 
generally indicated at 10 in FIG. 1, is illustrated in its 
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application to an armored vehicle or tank 12 having an 
armored turret, generally indicated at 14, which is 
mounted to the tank deck 16 via bearings 17 for azi- 
muthal revolving movement. The turret, in turn, 
mounts a cannon 18, via trunnions 20, for independent 
pivotal movement in elevation. Autoloading apparatus 
10 is also mounted to the turret and contained by the 
turret basket 22. The autoloading apparatus includes a 
trolley 24 which is controlled in vertical movement by 
a pitch and roll guide track 26 and yaw guide track 28. 
As seen in FIG. 2, these guide tracks are anchored at 
their lower ends to the basket floor 29 and at their upper 
ends to the turret roof 30. Guide track 26 includes a 
straight lower vertical section 26a which blends into an 
arcuate upper vertical section 26b. The arcuate section 
has a constant radius of curvature centered on the can- 
non elevation axis constituted by trunnions 20. Simi- 
larly, guide track 28 includes a straight lower vertical 
section 284 blending into an arcuate upper vertical sec- 
tion 285 whose constant radius of curvature is centered 
on the cannon elevation axis. 

As best seen in FIG. 2, trolley 24 rotatably mounts a 
pair of vertically spaced rollers 32 at its forward end, 
which run in a channel-shaped guideway 34 of guide 
track 26 to control pitch motion of the trolley during its 
vertical movement. Just rearwardly of the rollers, the 
trolley mounts a pair of vertically spaced guide blocks 
36 provided with grooves 37 to receive in close-fitting, 
sliding relation a continuous, rearwardly turned rim 38 
(FIG. 3). The rim-engaging guide blocks preclude roll- 
ing motion of the trolley during vertical movement. To 
prevent yawing motion of the trolley, it is equipped at 
its rearward end with a single guide block 40 which is 
grooved at 41 to receive in close-fitting, sliding relation 
a forwardly turned flange 42 of guide track 28. To 
propel vertical movement of the trolley, an electric 
motor drive unit 44 is pivotally mounted to the basket 
floor 29 by a bracket 45. The drive unit turns an elon- 
gated ball screw 46 extending upwardly between guide 
tracks 26 and 28 to a free end terminating just short of 
the turret roof 30, as seen in FIGS. 1 and 2. Meshing 
with this ball screw is a ball nut 48 pivotally mounted to 
the trolley. From the description thus far, it is seen that 
bidirectional rotation of the ball screw by the motor 
drive unit propels the trolley up and down the guide 
tracks, with the ball screw swinging on its lower end 
pivotal mounting to the basket floor and the ball nut 
turning on its pivotal mounting to the trolley to accom- 
modate articulation of the trolley as it moves along the 
Straight and arcuate sections of the guide tracks. 

Mounted to the trolley is a rammer 50 equipped to 
extract ammunition rounds from storage tubes 52 of a 
magazine, generally indicated at 54. The magazine in- 
cludes a carousel conveyor (not shown) operating to 
bring a storage tube containing a selected ammunition 
round to a predetermined unloading position in aligned, 
closely confronting relation with the rammer located by 
the trolley in the position shown in FIG. 2. As will be 
described in connection with FIGS. 5-7, the rammer 
reaches into the storage tube to engage the selected 
round and extract it out into the rammer where it is held 
under positive positional control while the trolley as- 
cends the guide tracks to a loading position confronting 
the open breech 18a of the cannon with the ammunition 
round aligned with the cannon boreline. The rammer 
then advances the round forwardly to load the round 
into the breech bore. 
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It will be appreciated that, by virtue of the arcuate 
guide track sections being located on respective radii 
with the cannon elevation axis, loading can be accom- 
plished regardless of the angle in elevation or depres- 
sion the cannon is positioned to. Moreover, the steps of 
retrieving an ammunition round from the magazine and 
transferring the round toward the cannon breech may 
be ongoing with the cannon at any position or while 
elevating or depressing. Note that the length of the 
round transfer path from magazine to cannon breech 
varies with cannon elevation. This capability affords a 
dramatic increase in firing rate as compared to prior art 
autoloaders. 

As illustrated in FIG. 3, rammer 50 is rotatably 
mounted to trolley 24 by an axle indicated at 56. The 


trolley carries a motor 58 which drives, via a pinion 


gear 59, a spur gear 60 affixed to the rammer in concen- 
tric relation with the axle to rotate the rammer end for 
end. This faculty enables the rammer to retrieve rounds 
from ammunition magazines 62 and 64 located in a hull 
storage area, and a bustle storage area, as illustrated in 
FIG. 4. To access magazine 62 in the hull storage area, 
trolley 24 is driven to a lower position with its rollers 32 
in the portion of trackway 34 in straight section 26a, 
thus positioning the rammer in an essentially horizontal 
orientation. This trolley position may also be utilized to 
access turret magazine 54, if oriented horizontally 
rather than tilted downwardly as illustrated in FIG. 2. It 
will be appreciated that, since hull storage magazine 62 
does not revolve with the cannon, the turret will have 
to be located in ə predetermined azimuth position to 
enable the rammer to retrieve rounds therefrom. This 
limitation, of course, does not apply when retrieving 
rounds from the turret and bustle magazines. A solenoid 
latch 66, seen in FIGS. 2 and 3, serves to releaseably 
lock the rammer to the trolley in requisite pitch position 
for ramming an ammunition round into the cannon 
breech and for extracting rounds from a magazine. 

Rammer 50, as detailed in FIGS. 5-7, includes a hous- 
ing generally indicated at 68 having an elongated ram- 
mer tube 70 for slidingly receiving an ammunition 
round in the form of a projectile 72 for cannon 18 con- 
figured as a liquid propellant cannon. A rammer head 74 
is also slidingly received in the rammer tube and is 
shown in its retracted position in FIG. 5. As best seen in 
FIG. 7, the lower portion of the rammer tube opens into 
a trough 76 in which are formed opposed guideways 78 
for receiving laterally extending guides 80 of a slider 
generally indicated at 82. A pair of upstanding slider 
arms 84 carry between its upper ends a shaft 85 and 
bearings 86 for journalling a sprocket 88. The lower 
portion of the slider is threaded to provide a ballnut 90 
in meshing engagement with a ballscrew 92 extending 
through trough 76 and journalled at its forward end by 
bearing 94 mounted by the housing 68, as seen in FIGS. 
5 and 6. An electric motor 96, carried by the rammer 
housing as seen in FIG. 7, drives the ballscrew via a 
spur gear 98 keyed to its forward end and a gearset 99 
to reciprocate slider 82 parallel to the axis of the ram- 
mer tube 70. 

A stiff-backed chain 100 is pinned at is forward end to 
the housing, as indicated at 101, and extends rearwardly 
through trough 76 and around sprocket 88 to its rear- 
ward end pinned to rammer head 74, as indicated at 102. 
The portion of the chain in the trough is backed by an 
elongated channel-shaped support 104 mounted in the 
trough by pins 101 and 103 and extending between the 
slider arm, as seen in FIG. 7. The characteristic of a 
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stiff-backed chain is that its links will readily pivot in 
only one direction. Thus, chain 100 can pivot inwardly 
to train around sprocket 88, but will not sag outwardly. 
Thus, a linear section will remain stiff to serve as a 
linear drive element as long as it is backed against out- 
ward buckling movement. 

As seen in FIG. 5, a solenoid actuated gripper 106 is 
carried at the face of rammer 74 for releaseably engag- 
ing a handling plug 108 provided at the tail end of the 
projectile 72. A cable 110 (FIG. 7) is threaded through 
stiff-backed chain 100 for electrically actuating gripper 
106 to grip and release handling plug 108 as required. 

From the foregoing description of rammer 50, it is 
seen that, with rammer head 74 in its retracted position 
of FIG. 5, forward rotation of ballscrew 92 by motor 96 
propels slider 82 forwardly. The slider sprocket 88 rolls 
on the portion of chain 100 in trough 76, causing chain 
end 102 pinned to rammer head 74 to move forwardly 
away from the sprocket. Since the chain is backed by 
rammer tube 70, it remains stiff to propel the rammer 
head forwardly at twice the forward speed of the slider 
as the chain length between the sprocket and rammer 
head increases. FIG. 6 shows slider 82 in its forward- 
most position and rammer head 74 fully extended by 
stiff-backed chain 100 out of the forward end of rammer 
tube 70 and into breech 18a to load projectile 72 into the 
cannon. Gripper 106 is then released, and the ballscrew 
is driven in the reverse direction to draw the rammer 
back to its retracted position of FIG. 5. Note that the 
rammer head has sufficient axial length to bridge the 
gap between the rammer tube and the breech bore and 
thus positive guidance of the rammer head during this 
transition is maintained. As the rammer head extends to 
its fully extended position to ram the projectile home, 
backing for the stiff-backed chain is provided by the 
breech bore. 

To retrieve a projectile from a magazine storage tube 
§2, the rammer head is propelled forwardly out of the 
rammer tube an into the storage tube 52 in the same 
manner as for a ramming stroke. The gripper 106 is 
actuated to grip the projectile handling plug 108, and 
the rammer head is drawn back to its position of FIG. 5, 
pulling the projectile out of the storage tube and into 
the rammer tube where it is held under positive control 
during movement along the transfer path to the trolley 
loading position, as well as during end-for-end rotation 
of the rammer by motor 58 (FIG. 3) after retrieval of a 
projectile from bustle and hull storage magazines. In the 
same manner that a projectile is retrieved from one of 
the various magazines and loaded into the cannon, the 
autoloading apparatus of the invention can be con- 
trolled to retrieve a committed, but unfired projectile 
from the cannon breech and return it to magazine stor- 
age. 

While the present invention has been described in its 
application to autoloading a liquid propellant cannon, it 
will be appreciated that it could be readily adapted to 
autoloading cased ammunition rounds. 

It is seen from the foregoing that the objectives set 
forth, including those made apparent from the Detailed 
Description, are efficiently attained, and, since certain 
changes may be made in the construction set forth with- 
out departing from the scope of the present invention, it 
is intended that matters of detail be taken as illustrative 
and not in a limiting sense. 

Having described the invention, what is claimed as 
new and desired to secure by Letters Patent is: 
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1. Automated apparatus for loading ammunition 
rounds into the breech of a cannon mounted by the 
revolving turret of an armored vehicle, said apparatus 
comprising, in combination: 

A. an ammunition storage magazine mounted by the 

turret at a location beneath the cannon breech: 

B. a trolley; 

C. a rammer pivotally mounted to said trolley and 
including a rammer head having means for grip- 
ping an ammunition round; 

D. a pair of arcuate guide tracks fixedly vertically 
mounted to the turret for movement in azimuth 
with the cannon and having a radius of curvature 
centered on the elevating axis of the cannon, said 
guide tracks controlling pitch, roll and yaw mo- 
tions of said trolley for guiding movement between 
a magazine position and a cannon loading position; 

E. means for pivoting said rammer relative to said 
trolley in such magazine position to extract an 
ammunition round from said magazine in at least 
one of rearward tank hull and bustle storage loca- 
tions with said gripping means and being activated 
with said trolley in said cannon loading position to 
ram the ammunition into the cannon breech with 
said rammer head, thereby to permit round extrac- 
tion from said magazine and round ramming into 
the cannon breech without regard to cannon eleva- 
tion. 

2. The automated loading apparatus defined in claim 
1, wherein said pivoting means includes an electric 
motor carried by one of said trolley and rammer and 
gearing driven by said motor to rotate said rammer 
between essentially opposite end-for-end orientations 
on said trolley. 

3. The automated loading apparatus defined in claim 
1, which further includes an electric trolley motor, an 
upright ballscrew pivotally mounted at a lower end to 
the turret floor, and a ballnut mounted by said trolley, 
whereby rotation of said ballscrew by said trolley 
motor propels said trolley between said magazine and 
cannon loading positions. 

4. The automated loading apparatus defined in claim 
1, which further includes an electric rammer motor 
carried by said rammer for reciprocating said rammer 
head. 

5. The automated loading apparatus defined in claim 
4, wherein said rammer includes a rammer tube in 
which an ammunition round is received and through 
which said rammer head is reciprocated. 

6. The automated loading apparatus defined in claim 
1, wherein said first guide track includes a coextensive 
channel-shaped trackway, and said trolley includes a 
pair of vertically spaced rollers running in said track- 
way to control pitching motion of said trolley. 

7. The automated loading apparatus defined in claim 
6, wherein said first guide track further including a 
coextensive rim, and said trolley further includes a pair 
of vertically spaced slide blocks having slots in which 
said rim is received to prevent rolling motion of said 
trolley. 

8. The automated loading apparatus defined in claim 
7, wherein said second guide track is located rear- 
wardly of said first guide track and includes a coexten- 
sive flange, and said trolley further including at least 
one rearwardly located guide block having a slot in 
which said flange is received to prevent yawing motion 
of said trolley. 
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9. The automated loading apparatus defined in claim 
8, wherein the turret includes a roof and a floor, and 
wherein said first and second guide tracks have upper 
and lower ends respectively anchored to the turret roof 
and turret floor. 

10. The automated loading apparatus defined in claim 
9, wherein said first and second arcuate guide tracks 
include straight guide track sections as lower continu- 
ums thereof to change the pitch attitude of said trolley 
in said magazine position. 

11. Automated apparatus for loading ammunition 
rounds into the breech of a cannon mounted by the 
revolving turret of an armored vehicle, said apparatus 
comprising, in combination: 

A. an ammunition storage magazine mounted by the 

turret at a location beneath the cannon breech; 

B. a trolley; 

C. a rammer pivotally mounted to said trolley and 
including a rammer tube for receiving an ammuni- 
tion round and for supporting a reciprocating ram- 
mer head equipped with a gripper for engaging the 
tail end of the ammunition round; 

D. means for pivoting said rammer relative to said 
trolley into position to extract ammunition rounds 
from said storage magazine in at least one of rear- 
ward tank hull and turret bustle storage locations; 

E. a pair of longitudinal spaced arcuate guide tracks 
fixedly vertically mounted to the turret and having 
a constant radius of curvature centered on the ele- 
vating axis of the cannon, said guide tracks control- 
ling pitch, roll and yaw motions of said trolley for 
guiding movement between a magazine position, 
where said gripper is activated to extract an ammu- 
nition round from said magazine, and a cannon 
loading position where said ramming head is acti- 
vated to ram the ammunition round into the can- 
non breech without regard to cannon elevation. 

12. The automated loading apparatus defined in claim 
11, wherein said rammer further includes a housing and 
an electric rammer motor mounted by said housing for 
reciprocating said rammer head through said rammer 
tube. 

13. The automated loading apparatus defined in claim 
12, wherein said rammer further. includes a slider 
mounted by said housing for reciprocating movement 
parallel to the axis of said rammer tube, a sprocket rotat- 
ably mounted by said slider, a ballscrew mounted by 
said housing parallel to rammer tube axis and driven by 
said rammer motor, a ballnut carried by said slider in 
meshing engagement with said ballscrew, and a stiff- 
backed chain affixed at a first end to said housing, said 
chain extending along a path parallel to said rammer 
tube axis and wrapped around said sprocket to a second 
end affixed to said rammer head, whereby, upon rota- 
tion of said ballscrew in a forward direction, said slider 
is propelled forwardly, and said sprocket engages said 
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chain to propel said rammer head forwardly at a speed 
in excess of the forward speed of said slider. 

14. The automated loading apparatus defined in claim 
13, wherein said rammer further includes a support 
mounted by said housing in position to back the portion 
of said chain extending from said first chain end, along 
said path to said sprocket, said rammer tube providing 
backing support for the portion of said chain extending 
from said sprocket to said second chain end. 

15. The automated loading apparatus defined in claim 
14, wherein said stiff-backed chain is of a length suffi- 
cient to propel said rammer head out of said rammer 
tube and into a magazine storage tube to retrieve an 
ammunition round and into the breech bore to load the 
ammunition round into the cannon. 

16. The automated loading apparatus defined in claim 
11, wherein said pivoting means includes an electric 
motor carrier by one of said trolley and rammer and 
gearing driven by said motor to rotate said rammer 
between essentially opposite end-for-end orientations 
on said trolley. 

17. The automated loading apparatus defined in claim 
11, which further includes an electric trolley motor, an 
upright ballscrew pivotally mounted at a lower end to 
the turret floor, and a ballnut mounted by said trolley, 
whereby rotation of said ballscrew by said trolley 
motor propels said trolley between said magazine and 
cannon loading positions. 

18. The automated loading apparatus defined in claim 
11, wherein a first one of said pair of guide tracks in- 
clude a coextensive channel-shaped trackway, and said 
trolley includes a pair of vertically spaced rollers run- 
ning in said trackway to control pitching motion of said 
trolley. 

19. The automated loading apparatus defined in claim 
18, wherein said first guide track further includes a 
coextensive rim, and said trolley further includes a pair 
of vertically spaced slide blocks having slots in which 
said rim is received to prevent rolling motion of said 
trolley. 

20. The automated loading apparatus defined in claim 
19, wherein a second one of said pair of guide tracks is 
located rearwardly of said first guide track and includes 
a coextensive flange, and said trolley further including 
at least one rearwardly located guide block having a 
slot in which said flange is received to prevent yawing 
motion of said trolley. 

21. The automated loading apparatus defined in claim 
20, wherein the turret includes a roof and a floor, and 
wherein said first and second guide tracks have upper 
and lower ends respectively anchored to the turret roof 
and turret floor. 

22. The automated loading apparatus defined in claim 
21, wherein said first and second arcuate guide tracks 
include straight guide track sections as lower continu- 
ums thereof to change the pitch attitude of said trolley 
in said magazine position. 

ER W &© * * 


